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Enteromorpha intestinalisAbstract In the present investigation the acetone extracts of macroalgae Ulva lactuca and Enter-
omorpha intestinalis were tested for antioxidant, antimicrobial and cytotoxic potential. Antioxi-
dant activity was evaluated by measuring the scavenging capacity of tested samples on DPPH
and superoxide anion radicals, reducing the power of samples and determination of total phenolic
and ﬂavonoid compounds in extracts. As a result of the study, U. lactuca extract was found to
have a better free radical scavenging activity (IC50 = 623.58 lg/ml) than E. intestinalis extract
(IC50 = 732.12 lg/ml). Moreover, the tested extracts had effective ferric reducing power and
superoxide anion radical scavenging. The total content of phenol in extracts of U. lactuca and
E. intestinalis was 58.15 and 40.68 lg PE/mg, while concentrations of ﬂavonoids were 39.58
and 21.74 lg RE/mg, respectively. Furthermore, among the tested species, extracts of U. lactuca
showed a better antimicrobial activity with minimum inhibitory concentration values ranging
from 0.156 to 5 mg/ml, but it was relatively weak in comparison with standard antibiotics. Bacil-
lus mycoides and Bacillus subtilis were the most susceptible to the tested extracts. Contrary to this
Aspergillus ﬂavus, Aspergillus fumigatus and Penicillium purpurescens were the most resistant.
Finally, cytotoxic activity of tested extracts was evaluated on four human cancer cell lines.
Extract of E. intestinalis expressed the stronger cytotoxic activity towards all tested cell lines with
IC50 values ranging from 74.73 to 155.39 lg/ml.
ª 2014 TheAuthors. Production and hosting by Elsevier B.V. on behalf ofKing SaudUniversity. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).1. Introduction
Marine organisms are source materials for structurally unique
natural products with pharmacological and biological activi-
ties (Faulkner, 2001). Among the marine organisms, the mac-
roalgae (seaweeds) occupy an important place as a source of
biomedical compounds (Manilal et al., 2010). Marine macroal-
gae are the most interesting algae group because of their broad
spectrum of biological activities such as antimicrobial (Zbakh
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et al., 2005), anticoagulant (Dayong et al., 2008), anticancer
(Kim et al., 2011), antifouling (Bhadury and Wright, 2004)
and antioxidant activities (Devi et al., 2011). As an aid to pro-
tect themselves against other organisms in their environment,
macroalgae produce a wide variety of chemically active metab-
olites including alkaloids, polyketides, cyclic peptide, polysac-
charide, phlorotannins, diterpenoids, sterols, quinones, lipids
and glycerols that have a broad range of biological activities
(Al-Saif et al., 2014). Some of these metabolites such as iodine,
carotene, glycerol, alginates, and carrageenans have been used
in pharmaceutical industries (Kharkwal et al., 2012;
Kolanjinathan et al., 2014).
Ulva lactuca and Enteromorpha intestinalis are members of
green macroalgae known as chlorophyceae. These macroalgae
have already been studied for antioxidant and antimicrobial
activities, but information on the anticancer activity is limited.
Antioxidative potential was proved by measuring the 2,2-
diphenyl-1-picrylhydrasyl (DPPH) radical scavenging activity,
total content of phenolic compounds in extracts, reducing
activity, superoxide anion scavenging activity and inhibition
of lipid peroxidation (Zubia et al., 2007; Al-Amoudi et al.,
2009). Their antioxidant activities have been attributed to var-
ious reactions and mechanisms, such as prevention of chain
initiation, binding of transition metal ion catalysts, reductive
capacity, radical scavenging, etc. The previous studies of anti-
microbial activity of U. lactuca and E. intestinalis (Soltani
et al., 2012; Kolanjinathan and Stella, 2011) also showed
promising antimicrobial activity against numerous bacterial,
fungal, human, animal and plant pathogens, mycotoxin pro-
ducers, and food spoilage agents.
In order to justify the long-term usage of algae as a poten-
tial food source as well as ‘‘medicinal plants’’, in this study we
determined antioxidant, antimicrobial and anticancer activities
in U. lactuca and E. intestinalis acetone extracts.
2. Material and methods
2.1. Algal samples
Algal samples of U. lactuca (Linnaeus) and E. intestinalis (Lin-
naeus) Nees were collected from the Adriatic sea, in June 2012.
The voucher specimen of the algae (Voucher nos. 54 and 58)
was deposited at the Department of Biology and Ecology, Fac-
ulty of Science, University of Kragujevac, Serbia. Identiﬁca-
tion of the tested algae was carried out with standard keys
from Hardy and Guiry (2006) and Abbott and Hollenberg
(1992).
2.2. Preparation of the algal extracts
Finely ground dry thalli of the examined algae (100 g) were
extracted using acetone (500 ml) in a Soxhlet extractor. The
extracts were ﬁltered and then concentrated under reduced
pressure in a rotary evaporator. The Dry extracts were stored
at 18 C until they were used in the tests. Dimethyl sulphox-
ide (DMSO) was previously diluted in sterile distilled water to
a concentration of 5%. The extracts were then dissolved in 5%
DMSO for further testing.2.3. Antioxidant activity
2.3.1. Scavenging DPPH radicals
The free radical scavenging activity of samples was measured
by 1,1-diphenyl-2-picryl-hydrazil (DPPH) as described by
Dorman et al. (2004) with slight modiﬁcations. Two millilitres
of methanol solution of DPPH radical in the concentration of
126.8 lM and 1 ml of test samples (1000, 500, 250, 125 and
62.5 lg/ml) were placed in cuvettes. The mixture was then sha-
ken vigorously and was allowed to stand at room temperature
for 30 min. DPPH solution is initially violet in colour which
fades when antioxidants donate hydrogen. The change in col-
our is monitored by spectrophotometer (‘‘Jenway’’ UK) at
517 nm against methanol as blank. Ascorbic acid was used
as a positive control. Experiment was performed in triplicate.
The DPPH radical concentration was calculated using the fol-
lowing equation:
DDPH scavenging effect ð%Þ ¼ ½ðA0A1Þ=A0  100
where A0 is the absorbance of the negative control (2 ml of
methanol solution of DPPH radical + 1 ml of 5% DMSO)
and A1 is the absorbance of reaction mixture or standard.
For both extracts and ascorbic acid, the inhibitory concen-
tration (IC50) at 50% was determined.
2.3.2. Ferric reducing power
The ferric reducing power of samples was determined accord-
ing to the method of Oyaizu (1986). One millilitre of test sam-
ples (1000, 500, 250, 125 and 62.5 lg/ml) was mixed with
2.5 ml of phosphate buffer (2.5 ml, 0.2 M, pH 6.6) and potas-
sium ferricyanide (2.5 ml, 1%). The mixtures were incubated at
50 C for 20 min. Then, trichloroacetic acid (10%, 2.5 ml) was
added to the mixture and the sample was centrifuged. Finally,
the upper layer was mixed with distilled water (2.5 ml) and fer-
ric chloride (0.5 ml; 0.1%). The absorbance of the solution was
measured at 700 nm in a spectrophotometer (‘‘Jenway’’ UK).
Blank was prepared with all the reaction agents without
extracts. Higher absorbance of the reaction mixture indicated
that the reducing power was increased. Ascorbic acid was used
as a positive control. Experiment was performed in triplicate.
2.3.3. Superoxide anion radical scavenging activity
The superoxide anion radical scavenging activity of samples
was detected according to the method of Nishimiki et al.
(1972). Brieﬂy, 0.1 ml of test samples (1000, 500, 250, 125
and 62.5 lg/ml) was mixed with 1 ml nitroblue tetrazolium
(NBT) solution (156 lM in 0.1 M phosphate buffer, pH 7.4)
and 1 ml nicotinamide adenine dinucleotide (NADH) solution
(468 lM in 0.1 M phosphate buffer, pH 7.4). The reaction was
initiated by adding 100 ll of phenazine methosulphate (PMS)
solution (60 lM in 0.1 M phosphate buffer, pH 7.4). The mix-
ture was incubated at room temperature for 5 min, and the
absorbance was measured at 560 nm in a spectrophotometer
(‘‘Jenway’’ UK) against the blank sample (phosphate buffer).
Decreased absorbance indicated increased superoxide anion
radical scavenging activity. Ascorbic acid was used as a posi-
tive control. Experiment was performed in triplicate. The inhi-
bition percentage of superoxide anion generation was
calculated using the following formula:
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¼ ½ðA0A1Þ=A0  100
where A0 is the absorbance of the negative control (consisting
of all of the reaction agents except the extract) and A1 is the
absorbance of reaction mixture or standard.
For both extracts and ascorbic acid, the inhibitory concen-
tration (IC50) at 50% was determined.
2.4. Determination of total phenolic compounds
Total soluble phenolic compounds in the acetone extracts were
determined with Folin–Ciocalteu reagent according to the
method of Slinkard and Singleton (1997) using pyrocatechol
as a standard phenolic compound. Brieﬂy, 1 ml of the extract
(1 mg/ml) in a volumetric ﬂask was diluted with distilled water
(46 ml). One millilitre of 2 N Folin–Ciocalteu reagent was
added and the content of the ﬂask was mixed thoroughly.
After 3 min, 3 ml of sodium carbonate (2%) was added and
then allowed to stand for 2 h with intermittent shaking. The
absorbance was measured at 760 nm in a spectrophotometer
(‘‘Jenway’’ UK). Experiment was performed in triplicate.
The total concentration of phenolic compounds in the extract
was determined as micrograms of pyrocatechol equivalents
(PE) per milligram of dry extract by using the following equa-
tion that was obtained from a standard pyrocatechol graph as
follows:
Absorbance¼0:0057 total phenols ½lg PE=mgof dry extracts
0:1646
ðR2 ¼ 0:9203Þ2.5. Total ﬂavonoid content
The total ﬂavonoid content was determined using the Dowd
method (Meda et al., 2005). Two millilitres of 2% aluminium
trichloride (AlCl3) in methanol was mixed with the same vol-
ume of the extract solution (1 mg/ml). The mixture was incu-
bated at room temperature for 10 min, and the absorbance
was measured at 415 nm in a spectrophotometer (‘‘Jenway’’
UK) against blank samples. Experiment was performed in trip-
licate. The total ﬂavonoid content was determined as micro-
grams of rutin equivalents (RE) per milligram of dry extracts
by using the following equation that was obtained from a stan-
dard rutin graph as follows:
Absorbance¼0:0296 total flavonoid ½lgRE=mgof dry extracts
þ0:0204
ðR2 ¼ 0:9595Þ2.6. Antimicrobial activity
The bacteria used in this study were Bacillus mycoides (ATCC
6462), Bacillus subtilis (ATCC 6633), Staphylococcus aureus
(ATCC 25923), Escherichia coli (ATCC 25922) and Klebsiella
pneumoniae (ATCC 13883) were obtained from the American
Type Culture Collection (ATCC). The fungi used as test
organisms were: Aspergillus ﬂavus (ATCC 9170), Aspergillusfumigatus (ATCC 1022), Candida albicans (ATCC 10231), Pen-
icillium purpurescens (DBFS 418) and Penicillium verrucosum
(DBFS 262). They were from the American Type Culture Col-
lection (ATCC) and the mycological collection maintained by
the Mycological Laboratory within the Department of Biology
of Kragujevac University’s Faculty of Science (DBFS). Bacte-
rial cultures were maintained on Mu¨ller-Hinton agar sub-
strates (Torlak, Belgrade). Fungal cultures were maintained
on potato dextrose (PD) agar and Sabourad dextrose (SD)
agar (Torlak, Belgrade). All cultures were stored at 4 C and
subcultured every 15 days.
Bacterial inocula were obtained from bacterial cultures
incubated for 24 h at 37 C on Mu¨ller-Hinton agar substrate
and brought up by dilution according to the 0.5 McFarland
standard to approximately 108 CFU/ml (Andrews, 2005). Sus-
pensions of fungal spores were prepared from fresh mature (3-
to 7-day-old) cultures that grew at 30 C on a PD agar sub-
strate. Spores were rinsed with sterile distilled water, used to
determine turbidity spectrophotometrically at 530 nm, and
then further diluted to approximately 106 CFU/ml according
to the procedure recommended by NCCLS (1998).
The minimal inhibitory concentration (MIC) was deter-
mined by the broth microdilution method by using 96-well
micro-titre plates (Sarker et al., 2007). A series of dilutions
with concentrations ranging from 40 to 0.0047 mg/ml for
extracts were used in the experiment against every microorgan-
ism tested. The starting solutions of test samples were obtained
by measuring off a certain quantity of samples and dissolving
this in DMSO. Twofold dilutions of test samples were pre-
pared in Mu¨ller-Hinton broth for bacterial cultures and SD
broth for fungal cultures. The MIC was determined with resa-
zurin. Resazurin is an oxidation–reduction indicator used for
the evaluation of microbial growth. It is a blue non-ﬂuorescent
dye that becomes pink and ﬂuorescent when reduced to resoru-
ﬁn by oxidoreductases within viable cells. The boundary dilu-
tion without any change in colour of resazurin was deﬁned as
the MIC for the tested microorganism at the given concentra-
tion. Streptomycin (for bacteria) and ketoconazole (for fungi)
were used as the standards. The solvent control test has been
performed to study an effect of 5% DMSO on the growth of
a microorganism. All experiments were performed in triplicate.
2.7. Cytotoxic activity
2.7.1. Cell culture
Human colon carcinoma LS174 cells, human lung carcinoma
A549 cells, malignant melanoma Fem-x cells and chronic
myelogeneous leukaemia K562 cells (American Type Culture
Collection, USA) were cultured as a monolayer in the RPMI
1640 nutrient medium, with 10% (inactivated at 56 C) FBS,
3 mM of L-glutamine, and antibiotics, at 37 C in humidiﬁed
air atmosphere with 5% CO2.
2.7.2. In vitro cytotoxic assay
In vitro assay for cytotoxic activity of investigated extracts was
performed when the cells reached 70–80% conﬂuence. Stock
solution (50 mg/ml) of extracts was dissolved in the corre-
sponding medium to the required working concentrations.
Neoplastic LS174 cells (7000 cells per well), A549 cells (5000
cells per well), Fem-x cells (5000 cells per well) and K562 cells
(5000 cells per well) were seeded into 96-well microtitre plates.
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investigated extracts were added to the wells, except for the
control cells to which a nutrient medium was added only. Final
concentrations achieved in treated wells were 200, 100, 50, 25,
and 12.5 lg/ml. The cultures were incubated for the next 72 h.
The effect on cancer cell survival was determined 72 h after the
addition of extract using 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay (Mosmann, 1983).
Brieﬂy, 20 ll of MTT solution (5 mg/ml PBS) was added to
each well and incubated for a further 4 h at 37 C in 5%
CO2 and humidiﬁed air. Subsequently, 100 ll of 10% SDS
was added to solubilise the formazan crystals formed from
MTT after the conversion by mitochondrial dehydrogenases
of viable cells. Absorbencies proportional to the number of
viable cells were measured using a microplate reader (Multis-
kan EX, Thermo Scientiﬁc, Finland) at 570 nm. The ﬁnal con-
centration of DMSO solvent never exceeded 0.5%, which was
non-toxic to the cells. Each experiment was performed in trip-
licate and independently repeated at least four times.
2.8. Flow cytometry analysis
Cellular DNA content and cell distribution were quantiﬁed by
ﬂow cytometry using propidium iodide (PI). Cells (3 · 105 -
cells/well) were seeded in 6-well plates and incubated with or
without IC50 concentration of investigated extract for 24 h.
After treatment, the cells were collected by trypsinisation,
and ﬁxed in ice-cold 70% ethanol at 20 C overnight. After
ﬁxation, the cells were washed in PBS and pellets obtained
by centrifugation was treated with RNase (100 lg/ml) at
37 C temperature for 30 min and then incubated with propidi-
um iodide (PI) (40 lg/ml) for at least 30 min. DNA content
and cell cycle distribution were analysed using a Becton Dick-
inson FAC-Scan ﬂow cytometer. Flow cytometry analysis was
performed using a CellQuestR (Becton Dickinson, San Jose,
CA, USA), on a minimum of 10,000 cells per sample
(Clothier, 1995).Table 1 DPPH radical scavenging activity and superoxide anion
Enteromorpha intestinalis.
Algal species DPPH radical scavenging IC50 (lg/m
U. lactuca 623.58 ± 2.35**
E. intestinalis 732.12 ± 2.93**
Ascorbic acid 6.42 ± 0.18
Values are expressed as mean ± SD of three parallel measurements. Sign
** P< 0.005 compared to control.
Table 2 Ferric reducing power of acetone extracts of Ulva lactuca
Algal species Absorbance (700 nm)
1000 lg/ml 500 lg/ml
U. lactuca 0.4686 ± .028** 0.3682 ± .024**
E. intestinalis 0.3715 ± .015** 0.3123 ± .011**
Ascorbic acid 2.113 ± .032 1.654 ± .021
Values are expressed as mean ± SD of three parallel measurements. Sign
* P< 0.05.
** P< 0.005 compared to control.2.9. Data analyses
Data analyses were performed by using the EXCEL (Micro-
soft 2007) software and SPSS version 13.0 for Windows
2007. To determine the statistical signiﬁcance of antioxidant
activity, student’s t-test was used. All values are expressed as
mean ± SD of three parallel measurements.3. Results
The scavenging DPPH radicals, superoxide anion radical scav-
enging and ferric reducing power of the studied extracts are
represented in Tables 1 and 2. The extract from U. lactuca
showed better antioxidant activities than E. intestinalis. In var-
ious antioxidant activities, there was a statistically signiﬁcant
difference between extracts and control (P< 0.05).
The total phenolic and ﬂavonoid contents of the algal
extracts are given in Table 3. The total phenolic content in
extracts of U. lactuca and E. intestinalis was 58.15 and
40.68 lg PE/mg, while concentration of ﬂavonoids was 39.58
and 21.74 lg RE/mg, respectively.
The antimicrobial activity of the algal extracts against the
test microorganisms is shown in Table 4. The extract from
U. lactuca inhibited all of the tested microorganisms, at con-
centrations ranging from 0.156 to 5 mg/ml. Extracts from E.
intestinalis also inhibited all of the tested microorganisms,
but at slightly higher concentrations.
The antimicrobial activity was compared with the standard
antibiotics, streptomycin (for bacteria) and ketoconazole (for
fungi). The results showed that standard antibiotics had stron-
ger activity than the tested samples as shown in Table 4. In the
negative control, DMSO had no inhibitory effect on the tested
organisms.
The data obtained for anticancer effect of E. intestinalis
and U. lactuca extracts are shown in Table 5. E. intestinalis
extract showed a much weaker cytotoxic activity againstscavenging activity of acetone extracts of Ulva lactuca and
l) Superoxide anion scavenging IC50 (lg/ml)
785.48 ± 2.02**
913.52 ± 2.73**
115.61 ± 1.16
iﬁcance was determined by using student’s t-test.
and Enteromorpha intestinalis.
250 lg/ml 125 lg/ml 62.5 lg/ml
0.2862 ± .009** 0.1467 ± .006** 0.0894 ± .003**
0.2069 ± .008** 0.0969 ± .004** 0.0563 ± .003*
0.0957 ± .008 0.0478 ± .008 0.0297 ± .004
iﬁcance was determined by using student’s t-test.
Table 3 Total phenolics and ﬂavonoid contents of acetone extracts of Ulva lactuca and Enteromorpha intestinalis.
Algal species Phenolics content (lg PE/mg of extract) Flavonoid content (lg RE/mg of extract)
U. lactuca 58.15 ± 1.065 39.58 ± 1.099
E. intestinalis 40.68 ± 1.013 21.74 ± 1.078
Values are expressed as mean ± SD of three parallel measurements. PE – pyrocatechol equivalents. RE – rutin equivalents. Signiﬁcance was
determined by using student’s t-test. Means in each column are signiﬁcantly different at P< 0.05.
Table 4 Minimum inhibitory concentration (MIC) of acetone extracts of Ulva lactuca and Enteromorpha intestinalis.
Algal species U. lactuca E. intestinalis DMSO S K
Bacillus mycoides 0.156 0.312 na 7.81 –
Bacillus subtilis 0.312 0.156 na 7.81 –
Escherichia coli 2.5 5 na 31.25 –
Klebsiella pneumoniae 1.25 2.5 na 1.95 –
Staphylococcus aureus 0.625 1.25 na 31.25 –
Aspergillus ﬂavus 5 10 na – 3.9
Aspergillus fumigatus 2.5 10 na – 3.9
Candida albicans 1.25 2.5 na – 1.95
Penicillium purpurescens 5 10 na – 3.9
Penicillium verrucosum 5 5 na – 3.9
Values given as mg/ml for tested samples and as lg/ml for antibiotics. Values are the mean of three replicates. Antibiotics: K – ketoconazole, S –
streptomycin, na: not active.
Table 5 Growth inhibitory effects of acetone extracts of Ulva lactuca and Enteromorpha intestinalis on Fem-x, A549, LS174 and K562
cell lines.
Cell lines Fem-x A549 LS174 K562
Algal species IC50 (lg/ml)
U. lactuca 93.31 ± 0.74 >200 >200 169.54 ± 0.45
E. intestinalis 74.73 ± 0.58 155.39 ± 2.36 114.48 ± 1.37 82.24 ± 1.09
Cis-DDP 0.86 ± 0.33 4.91 ± 0.42 3.18 ± 0.29 2.22 ± 0.08
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showed a signiﬁcantly better to moderate cytotoxic effect
(IC50 74.73, and 82.24 lg/ml, respectively). U. lactuca extract
shows very weak activity against Fem-x and K562 cells while
cytotoxic activity against A569 and LS174 cells was not
detected (IC50 > 200 mg/ml). Furthermore, both extractsFigure 1 Effect of extracts on cell cycle phase distribution. Fem-x (A
and Enteromorpha intestinalis (2) (IC50 lg/ml) for 24 h and then collecte
(C) as the control, untreated cells.showed signiﬁcantly less activity compared to cis-DDP as a
positive control.
Results of cell cycle analysis of cancer cell lines treated with
extracts for 24 h are given in Fig. 1. We checked whether the
cytotoxic effect was associated with any cell cycle phase-spe-
ciﬁc arrest. After treatment with E. intestinalis and U. lactuca,) and K562 (B) cell lines were exposed to extracts Ulva lactuca (1)
d for analysis of cell cycle phase distribution using ﬂow cytometry.
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niﬁcantly higher compared to the untreated cells. This was
accompanied with a concomitant decrease of the cells in the
G1 phase and a slight accumulation of cells in S phase. Our
results show that the lower in vitro antiproliferative activity
is in accordance with the effects on cell cycle progression after
treatment with algae extracts.4. Discussion
The tested algal extracts have moderate antioxidant activity
using various antioxidant bioassays. The DPPH fast test (H-
donor method) was used as a principal test in antioxidant
activity studies, while the other two methods are used to know
and understand the mechanism of antioxidant activity (reduc-
ing power, superoxide anion radical scavenging activity).
The recorded activity was shown to correlate with the total
phenolic content in the algal extracts with high correlation
coefﬁcient (r) of 0.995. In most algae, phenols are important
anti oxidants because of their ability to scavenge free radicals
such as singlet oxygen, superoxide and hydroxyl radicals
(Shanab et al., 2011). Numerous researches found high corre-
lations between antioxidative activities of algae and phenolic
content (Sivakumar and Rajagopal, 2011; Demirel et al.,
2011). On the other hand, few studies as Heo and Cha
(2005) reported that the antioxidant activity (determined by
different methods), using large number of algal species (10
green and 25 brown seaweed species) may not necessarily be
correlated with the total phenolic content in each algal extract.
These results may indicate the possible participation of other
active substances which exhibit antioxidant activity such as
pigments (chlorophyll, carotenoids), essential oils, and low
molecular weight polysaccharides (Murthy et al., 2005).
Previous researches (Al-Amoudi et al., 2009; Abd El-Baky
et al., 2009) have found antioxidant activity for the algae U.
lactuca. Heo and Cha (2005) and Zubia et al. (2007) have also
found strong antioxidant capacity for an extract of E. intesti-
nalis. From their research they determined antioxidant activity
for the above mentioned species but by using other extraction
solvents such as aqueous, methanol, hexane, dichloromethane/
methanol. Different extraction solvents, according to their
polarity, may have extracted various compounds including
pigments (chlorophyll a, b, carotenoids), alkaloids, and pheno-
lic compounds, as well as essential oil which can participate in
the great antioxidant activity (Shanab et al., 2011). This means
that synergistic effects may occur between these constituents
leading to the pronounced antioxidant activity of algal extract
(containing the antioxidant active components). In contrast,
extracts that not only have lower pigment contents but also
a lower content of phenolic compounds have reduced antioxi-
dant activity. Also, in experiments with other algae carried out
by numerous researchers (Shanab et al., 2011; Sivakumar and
Rajagopal, 2011; Uma et al., 2011), it was found that the tested
species exhibit different activities depending on the extraction
solvents used. Compared with their results, the results of this
study suggest that the acetone extracts of U. lactuca and E.
intestinalis demonstrated a relatively powerful antioxidant
activity, probably due to the higher content of antioxidant
active compounds in extracts.
Numerous algae have been screened for antimicrobial activ-
ity in search of new antimicrobial agents (Omar et al., 2012;Ibtissam et al., 2009). In our experiments, the tested algal spe-
cies show relatively strong antimicrobial activity. The intensity
of the antimicrobial effect depended on the species of algae, its
concentration and the tested organism. The extract of U. lact-
uca had the stronger antimicrobial activity, inhibiting the
tested bacteria and fungi at low concentrations. Differences
in antimicrobial activity of different species of algae are prob-
ably a consequence of the presence of different components
with antimicrobial activity (Jeyanthi Rebecca et al., 2012).
However, it is necessary to understand that extracts are mix-
tures of natural compounds, and their antimicrobial activity
is not only a result of different activities of individual compo-
nents but may be the result of their interactions, which can
have different effects on the overall activities of extracts. Sim-
ilar to our results, numerous researchers (Zbakh et al., 2012;
Soltani et al., 2012; Kolanjinathan and Stella, 2011;
Vallinayagam et al., 2009) found strong antimicrobial activity
for the algae U. lactuca and E. intestinalis, but with other
extraction solvents, with other methods and against other spe-
cies of microorganisms. In correlation with the results
obtained by the other researchers, we also noticed a strong
antimicrobial activity for acetone extracts of the tested U. lact-
uca and E. intestinalis, which suggests that these species con-
tain components toxic to microorganisms and, therefore,
responsible for their antimicrobial activity.
The extracts used in this study, had stronger antibacterial
than antifungal activities. The probable reason is the difference
in the composition and permeability of their cell walls. The cell
walls of gram-positive bacteria are made of peptidoglycans
and teichoic acids, while the cell walls of gram-negative bacte-
ria are made of peptidoglycans, lipopolysaccharides, and lipo-
proteins (Kosanic´ et al., 2012; Heijenoort, 2001). The lipid
portion of the outer membrane of gram-negative bacteria is
poorly permeable to antimicrobials, hence the reason for their
greater resistance. The cell wall of fungi is poorly permeable
and consists of polysaccharides such as hitchin and glucan
(Farkasˇ, 2003). This observation is in accordance with many
other studies (Albouchi et al., 2013; Kosanic´ et al., 2012;
Yang and Anderson, 1999), focused on antimicrobial activity
which has demonstrated that structure and permeability of
the cell wall are reasons for different sensitivities in gram-posi-
tive bacteria, gram-negative bacteria and fungi.
Our results are the ﬁrst published reports on the cytotoxic
activity of extracts of green algae E. intestinalis and U. lactuca
on LS174, A549, Fem-x and K562 cell lines. Exceptionally, it
has been shown that the polysaccharide from E. intestinalis,
although not directly demonstrates cytotoxic activity in vitro,
may be associated with its potent immunostimulating effect
and increased anti-tumour response in mice (Jiao et al.,
2009). Furthermore, other studies and ﬁndings reported that
algal components are responsible for anticancer activities of
algae (Nakajima et al., 2009; Go et al., 2010; Ermakova
et al., 2011). However, it is difﬁcult to determine the contribu-
tion of individual components for the overall anticancer
effects. Often, the activities of the extracts may be the result
of synergistic or antagonistic effects of several compounds.
In the literature there are no data on anticancer activity of
extracts from U. lactuca and E. intestinalis, but anticancer
activity of some other algal extracts were studied by other
researchers. Salem and Ibrahim (2011) found anticancer activ-
ity for different extracts of the Ulva rigida on the Ehrlich asci-
tes carcinoma (EAC) cell line. Zandi et al. (2010) reported
396 M. Kosanic´ et al.signiﬁcant anticancer effects of extracts of brown alga Sargas-
sum oligocystum against K562 and Daudi cell lines. Sundaram
et al. (2012) explored anticancer properties of ethanol extract
of Gracilaria edulis. Compared with their results, the ﬁndings
of this research suggest that the tested algal species showed
moderate anticancer activity.
The importance of algae as anticancer agents is conﬁrmed
in recent years, which suggests that algae can be used as bio-
logical agents in the treatment of cancer. The mechanism of
action of the tested extracts is yet to be tested. Thus, further
research will be necessary to fractionate in order to identify
compounds responsible for the observed anti-tumour effects,
and to establish the opportunities reinforcement activities as
well as to improve the selectivity.
In conclusion, it can be stated that tested algal extracts have
a certain level of antioxidant, antimicrobial and anticancer
activities in vitro. Based on the results, tested macroalgae
appear to be good natural antioxidant, antimicrobial and anti-
cancer agents. Identiﬁcation of the active compounds of these
algal species will lead to their evaluation of considerable com-
mercial potential in medicine, food production and cosmetic
industry.Acknowledgements
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